➤ AACC INTERNATIONAL REPORT
In 2010, the AACC International Professional Development Panel organized and conducted a Best Student Research Paper Competition (BSRPC) that was held at the 2010 AACC Intl. Annual Meeting in Savannah, GA, U.S.A. This annual competition aims to challenge our student members to demonstrate superior presentation skills, encourages them to present their research at an AACC Intl. meeting, highlights the best research conducted and presented by students, and offers an opportunity for students to interact with the AACC Intl. community at an early stage in their careers.
The competition is judged in two stages. The BSRPC jury first reviews the nomination forms, abstracts, and initial presentations. Based on the judge's scores, six students are chosen to participate in the competition that takes place at the annual meeting.
Finalists of the 2010 competition were AACC Intl. student members Ieva Alaunyte, Nisha Aravind, Jung Sun Hong, Hongxin Jiang, Reetta Kivelä, and George Ondier. Each of these six finalists received a travel grant to attend the annual meeting.
The winning BSRPC finalists have provided brief synopses of their research below. Full abstracts may be found in the open-access online supplement of the July-August issue of Cereal Foods World. If you are a student interested in participating in the 2011 BSRPC, please visit www.aaccnet.org/membership/srpaper.asp.
AACC Intl. kindly thanks the following 2010 sponsors for providing award funds for the competition: Cargill Inc., CSM Innovation Center Bakery Ingredients, Flowers Foods, Frito Lay Inc., General Mills Inc., ICL Performance Products LP, Kellogg Co., Kraft Foods, McCormick Co. Inc., and The Schwan Food Co.
Development of Teff Bread Using Enzyme Combination Treatments
Bread is an important staple food worldwide; hence, it is an ideal functional food product. Teff (Eragrostis tef) is an ancient small-grained cereal that is rich in nutrients and is particularly abundant in iron. Iron is an important mineral that is usually lacking in modern diets. Therefore, teff's nutritional profile is promising for developing a functional bread product in which a high level of iron is desired.
The present study results showed a favorable nutrition profile of teff bread, as the daily consumption of 200 g of this bread would provide over 75% of the daily recommended iron intake for adult females. However, there was a notable decrease in product quality, in terms of textural and sensory characteristics. Bread structural deterioration was mainly attributed to gluten dilution by the addition of gluten-free teff flour, while taste properties, such as bitter flavor and aftertaste, were probably due to high levels of phenolic compounds in this bread.
A number of different enzyme combinations were used to overcome this problem. The addition of these enzymes significantly improved bread loaf volume, crumb structure, and prolonged shelf-life, which subsequently improved sensory scores and overall acceptability of the bread. The sensory panel scores for improved teff bread were comparable to conventional white wheat bread, which shows that if this nutrient-rich bread was incorporated into a daily diet, it would be as acceptable as traditional wheat bread. Incorporating nutritious teff bread into a daily diet would particularly benefit population groups that are more susceptible to iron-deficiency anemia, such as childbearing age women, adolescents, and females engaged in habitual physical activity.
The final stage of this research will focus on the effects of regular teff bread consumption and potential benefits in terms of iron status and athletic performance in the female runners' population.
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Effect of Fiber Enrichment on Spaghetti
With growing awareness of the beneficial effects of a healthy diet on the quality of life, many initiatives have been taken around the globe to develop food products with health-enhancing attributes. To meet this challenge, functional ingredients with desirable functionalities must be incorporated into basic foods without sacrificing taste or cooking properties. Here, pasta incorporating ingredients such as inulin and resistant starch (RS II) with durum semolina was developed. Semolina was mixed at various concentrations of these functional ingredients and made into spaghetti. The cooked pasta was subjected to starch hydrolysis in vitro with α-amylase and a detailed characterisation of the structural changes undergone after extrusion, cooking, and digestion was carried out. The combination of scanning electron microscopy, confocal scanning laser microscopy, X-ray diffraction, and small angle Xray scattering provided a picture of morphological changes to the starch/protein matrix at the micro and molecular levels.
Both inulin and RS II were found effective in lowering the reducing sugar release. The addition of inulin at 5% and RS II at 20% maximized lowering of pasta starch hydrolysis with minimal impact on sensory and technological quality. These micro and nanoscale analytical techniques enabled an in-depth understanding of the relationships between molecular structure and their macroscopic properties.
Efficient development and use of functional food requires a comprehensive approach that extends beyond the analysis of the beneficial biological activity of a functional ingredient. This approach should incorporate all the stages of the development of functional food: rational design of the functional ingredients based on an understanding of structure/function relationships, stability of bioactive compounds during processing, and the physio-chemical and sensory properties of tailored foods. This research has advanced each of these areas utilizing the abovementioned innovative technologies for developing nutritionally enhanced pasta.
Nisha Aravind is from Kerala, India, and completed her B.A. degree at Kerala Agricultural University and her M.A. degree at the University of Agricultural Sciences, Bangalore. After graduation, she worked as a scientist under the Indian Council of Agricultural Research in Kerala for five and a half years. She then joined the Primary Industries Innovation Centre, a joint venture between the University of New England and the New South Wales Department of Primary Industries, to obtain her Ph.D. degree under the supervision of Mike Sissons and Chris Fellows. During her Ph.D. work, she used various microscopic and molecular techniques at the University of Sydney and the Australian Nuclear Science and Technology Organisation. AACC Intl. member Aravind can be reached at naravind@une.edu.au.
Reaction Kinetics of Amylose and Amylopectin Branch Chains
Due to strong demand for functional biopolymers, starch is chemically modified to enhance its properties for use in a diversity of both food and nonfood applications. Although much effort has been devoted to understanding the reactivity of starch during chemical modification, little is known regarding the impact of the granular structure on molecular-level reaction patterns over the course of reaction. Thus, this study was conducted to investigate the impact of the granule structure on the starch reaction patterns at the molecular level during the modification process. A model reaction system, utilizing a fluorescence probe as a chemical reagent, allowed straightforward determination of both granular and molecular reaction patterns. Molecular reaction densities on both amylose and amylopectin branch chains were determined over the course of the modification process as a function of reaction time, providing insight into the reaction kinetics not only between starch polymers (amylose and amylopectin), but also among amylopectin branch chains. Molecular reaction densities and the specific reactivities of starch polymers and amylopectin branch chains related closely to their proposed chain locations within the granular structure. The model system approach used in this study provides a straightforward and powerful means for more detailed evaluation of reaction conditions and their impact on both granular-and molecular-level reaction patterns, as well as starch functionality. Since modified starch properties are largely a function of both granular and molecular reaction patterns, this study represents a critical step needed to facilitate more precise control of starch modification practices (i.e., knowledge to alter reaction conditions to direct the locale of reaction and modified starch properties). The contributions of this study and ensuing research efforts are expected to enhance the capability to more strategically manipulate and tailor modification conditions to achieve desired modified starch functionality.
Jung Sun Hong holds B.S. degrees in food science and technology from Dongguk University and an M.S. degree in food science and biotechnology from Seoul National University, Korea. Her M.S. research focused on the characterization of debranching enzymes used for modifying polysaccharide structures. In 2008, Sun Hong joined Kerry Huber's research group at the University of Idaho to pursue a Ph.D. degree within the School of Food Science. Her research centers on the fundamental aspects of starch modification, with primary emphasis on understanding the relationship between starch granule structure and molecular-level reaction patterns. Following her doctoral research, she plans to pursue a post-doctoral experience in related areas to advance knowledge of starch structure, functionality, and/or reactivity. Her ultimate career objective is to obtain a faculty position at an academic institution, allowing her to share her knowledge and pursue her research interests on starch and other polysaccharides. AACC Intl. member Sun Hong can be reached at hong7137@ vandals.uidaho.edu.
Starch-Granule Development in High-Amylose Maize
Overweight, obesity, and type 2 diabetes are major health threats that are becoming worldwide epidemics. Resistant starch (RS) as an important nutrient is widely used in food applications. RS in the diet reduces the glycemic index and insulin response and is fermented in the large intestine to produce short-chain fatty acids, which have anticancer and anti-inflammatory properties. RS is a desirable ingredient in diets for body weight control/loss and for intervention of type 2 diabetes and coronary heart diseases. In this study, amylose formed a semicrystalline structure in native high-amylose maize starch, which had gelatinization temperature above 100°C, retained the semi-crystalline structures, and were resistant to the enzymatic hydrolysis at 95-100°C. This finding is different from normal maize starch in which amylose molecules don't form a double helical crystalline structure. The elongated starch granules in high-amylose maize starch were developed by fusion of small granules initiated at the early stage of granule development through amylose interaction. This study provided a significant understanding of the RS formation in native highamylose maize starch, which could help plant breeders and food scientists develop new products with large contents of RS.
Hongxin Jiang obtained his master's degree in May 2006 from Kansas State University with an emphasis on grain science. After he moved to Iowa State University, starch became an important part of his life. He is interested in all of the research related to starch and he likes to discuss starch with colleagues. AACC Intl. member Jiang can be reached at hxjiang@iastate. edu.
Instability of Oat Beta-Glucan
Oat beta-glucan has great attraction in product development because of its health benefits and consequential health claims. However, it is challenging to use this high molar mass viscous and slimy fiber in foods for reasons related to consumer acceptance and also because of deficient understanding of the stability mechanisms of beta-glucan in food systems. The beta-glucan is a neutral and linear water-soluble polysaccharide, which make it susceptible to chemical degradation in aqueous environments. Our interest has been a thorough understanding of the degradation mechanisms, which would make it possible to manufacture innovative new foods high in beta-glucan. The main interest has been in products, where enzymatic and acid hydrolysis is unlikely, but where-nevertheless-degradation occurs. We have recently shown that in semidiluted solutions, beta-glucan is sensitive to oxidation, resulting in a rapid viscosity loss and molar mass decrease in the presence of a radical inducing system, such as ascorbic acid or ferrous ions.
In the recent study, a decrease in viscosity and molar mass of beta-glucan was shown to occur during typical heat treatments (95°C and 120°C). A possible oxidation pathway is the Fenton reaction, where transition metals, such as ferrous ions, will reduce hydrogen peroxide to highly reactive oxidants, or hydroxyl radicals, which attack the beta-glucan. The heat treatments induced the formation of hydrogen peroxide and free radicals, which in the presence of naturally occurring ferrous ions may catalyze scissions of the molecule, resulting in viscosity loss and molar mass decrease. It is not clear how such degradation will affect physiological efficacy of the beta-glucan but it certainly modifies the sensory properties as well as the technological properties of beta-glucan products. Proper understanding of these phenomena and their management is necessary for the grainbased food industry developing aqueous food products high in functional cereal beta-glucan.
Reetta Kivelä graduated from the University of Helsinki with an M.Sc. degree in food chemistry in 2003. Next, she worked as an associate chemist in a food and environmental laboratory and moved to industry (Atria Oyj) to work as a project manager in 2004. She was responsible for long-term product development and quality management of a middle-sized food factory. In 2007, she started her doctoral studies in the group of cereal technology at the University of Helsinki in collaboration with food chemistry dealing with oat, beta-glucan stability, and vitamin-B production. She now has four papers and two manuscripts about cereal betaglucan stability in aqueous processing concentrating on oxidation and will graduate by 2011. In addition, she has papers from coprojects, patent applications of the usability of beta-glucan in emulsions, and has been active in supervising students. She has collaborated with several Finnish and foreign research groups. AACC Intl. member Kivelä can be reached at reetta.kivela@ helsinki.fi
An Approach for Single-Pass Rice Drying
Currently, commercial rice drying involves numerous passes wherein rice is exposed to elevated temperatures to produce rapid drying rates; moisture content (MC) is reduced by two to three percentage points per pass. The rice is then tempered for several hours and then the pass is repeated. This approach can take an extended duration to complete, but is conventionally thought necessary to maintain milling quality. Improper drying or tempering produces fissures in the kernel endosperm, leading to broken rice during subsequent milling and end-use processing operations. The "glass transition hypothesis" (Tg), which explains the cause of fissure formation in rice kernels during the drying process, states that if kernels are heated above their glass transition temperature, they will transition from a "glassy" to a "rubbery" state in which diffusion of moisture occurs at a great rate, causing drying and tempering to proceed much more rapidly than in the glassy state. However, as drying proceeds in the rubbery state, intrakernel MC gradients develop and under currently used drying air conditions, the kernel periphery transitions back to the glassy state. If a great proportion of the kernel periphery transitions into the glassy state while the core remains in a rubbery state, the tremendous differences in properties between states will produce intrakernel stresses that cause fissuring. Based on the Tg hypothesis, an approach has been formulated in which air conditions would be controlled such that the kernel periphery is maintained in the rubbery state throughout drying, the same as the kernel core. Our laboratory experiments have shown that this approach can be used to dry rice from field MC to 12.5% MC in a single pass, without milling quality reduction, as long as tempering is performed before cooling. This work could lead to implementation of drying strategies that increase the drying rate of grain driers.
George Ondier is a graduate student in the Department of Food Science at the University of Arkansas under the direction of Terry Siebenmorgen, and a member of the university's Rice Processing Program. His research focuses on postharvest management of rice with an emphasis on improving drying technology. He received his bachelor's degree in food science from Egerton University, Kenya (2005) and a master's degree in food science from the University of Arkansas (2008) . He is currently a Ph.D. candidate at the same institution. AACC Intl. member Ondier can be reached at gondier@uark.edu.
